Abstract -An operation of electronic equipment is dependent on a power supply. Today, a trend of only one AC/DC adapter is used for supplying an electronic system. Thus, an electronic equipment with various power supply requirements uses some internal DC/DC converters. These DC/DC converters adjust input voltage to lower or/and higher value or generate a negative voltage. The classical DC/DC converters are based on inductors or transformers. These converters are too large and suitable for a higher output power. ( )
I.
CHARGE PUMP TOPOLOGY Dickson charge pump [1] , [2] , [3] topology for positive output voltage is shown in Fig. 1 . The boxes marked 1 or 2 represent switches. The switch is in ON state for the odd phase (1) or the even phase (2) . The voltages in nodes V1 to V4 are gradually increased about a constant voltage gain ΔV. Ideally, the voltage gain has the same value as input voltage VIN, thus ΔV = VIN. The ideal no-load output voltage VOUT of positive Dickson charge pump of the Nth order applies accorded to [1] (1).
( ) (1) where VIN and VOUT are the input and output voltages, N is the number of stages.
Dickson charge pump topology for negative output [4] voltage is shown in Fig. 2 . The voltages in nodes V1 to V4 are gradually decreased about a constant voltage gain ΔV. Ideally, ΔV = -VIN. The ideal no-load output voltage VOUT of negative Dickson charge pump of the Nth order applies according (2) .
where VIN and VOUT are the input and output voltages, N is the number of stages.
Fibonacci charge pump [5] , [6] 
( )
where VIN and VOUT are input and output voltages, SF(N) refers to (3).
II. CHARGE PUMPS REALISATION
Presented charge pumps are used for supplying analogue part of a complex electronic system from 3 V DC adapter. This analogue part uses dual power supply -18 V approx. and +21 V approx. with current consumption 1.5 mA.
A charge pump usage is fully sufficient for solving this problem. A negative charge pump generates the output voltage six times higher than the input voltage. A positive charge pump generates the output voltage seven times higher than the input voltage. But these calculations are valid for no-load output and the ideal value of the voltage gain only. Practically, the number of stages of proposed charge pumps must be increased about one minimally. Thus, the negative and positive Dickson charge pump have seven stages. Similarly, the negative and positive Fibonacci charge pump have four stages. The no-load output voltages are -21 V and +24 V ideally for the both variant of charge pumps. The key parameters of proposed charge pumps were verified by simulation in LTspice XVII.
The key problem of a practical charge pump realization is an implementation of switches. Especially, a floating switch realization and its driving are very complicated.
Dickson charge pumps use the floating switches connected between input and output of each stage (see Fig. 1 or Fig. 2 ). These switches can be realised by diodes. The diode switches automatically, thus we don't have to solve the problem of generating driving signal for this switch. The Schottky diode is used for a low value of the diode forward voltage drop. Fibonacci charge pumps use two floating switches (see Fig. 3 and Fig. 4 ). We designed circuits by Fig. 7 and Fig. 8 that inspired [7] . We assume realization of these charge pumps in discrete form. Firstly, we select the transistors in relation to the input voltage; the threshold voltage of used transistors is about ±2 V. Secondly, we select Schottky diode in relation to a low value forward voltage drop (used variant has VF = 150 mV only). Finally, we calculate the capacitance of the transfer and load capacitor from (6) . The consumed current is IOUT = 1.5 mA and the absolute value of the output voltage VOUT is 18 V or 21 V. We assume the rise time of the output tR = 25 ms. We calculate values of the capacitance 2.1 μF and 1.8 μF. The load and transfer capacitance was set to value CLOAD = CT = 2.2 μF.
where CLOAD is the capacitance of the transfer capacitor, IOUT is the consumed current, tR is the rise time of the output voltage, VOUT is the output voltage.
The parameters of used devices are clearly listed in Table I.   TABLE I. PARAMETERS FCP has a lower series resistance, thus FCP is usable for higher values of the output current (see Fig. 9 ). Similarly, the efficiency of FCP is higher than the efficiency of DCP for output currents higher than approx. 3 mA (see Fig. 10 ). Other parameters are listed in Table II . The negative variant of FCP has a higher efficiency than DCP over the full observed range. The negative FCP has a lower series resistance than DCP, thus the rise time of FCP is a lower than for DCP. IV. CONCLUSION
The principle of Dickson charge pump and Fibonacci charge pump for generating positive and negative voltage was presented.
Presented practical realization of these charge pumps were verified by simulation in LTspice XVII with discrete transistors, diodes and capacitors.
The Fibonacci charge pumps use a lower number of stages, and have a lower internal series resistance and a lower rise time. These charge pumps are suitable for a higher output current, especially. Dickson charge pumps have a primitive structure but use a higher number of capacitors. The proposed Dickson charge pumps use 16 capacitors, but Fibonacci charge pumps use 10 capacitors only.
